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VI ABSTIUCT 

An ammr penetrating projectile having a matrix of iron 
or a steel alloy which has a Rockwell C hardness of 
from about 40 to about 60 and a density of from about 
99.5 to 100 percent, the matrix being i&forced with 
wires of a heavy metal such as tungsten, molybdenum, 
tantalum, or alloys of these metals. 

7 Claims, 2 Drawing Sheets 
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PROJECTILE HARDNESS PROFILE 1 Rc) 
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This invention relates to dnance and more pa&u- 
My to armor penetrating proje&.les. 

ln order to increase the offensive capability of Light 
armored vehicles, the U.S. Marine Corps cam either 
increase the size of the weapons systems on such veti- 
cles or the penetration capability of the projcdes of 
existing systems. Since the expense of replacing existing 
030 caiiber weapons systems with systems possessing 
larger guns is grea& there is considerable interat in 
developing a more effective 0.50 caliber machine gun 
bulleL The problem can be approached from severat 
aspects: improved materials, more efficient penetration 
me&anisms, higher impact velocitia, etc, bong the 
most promising new materials are metal matrix c0mpos- 
itfs (MMC). 

It was the severe operating conditions subjected on 
space age components for ibe aerospace industry w&h 
resulted in the development of composite materials 
science: as we know it. Up until this time, the vast major- 
ity of composite development has Ixzn in the field of 
structural materi&. In partkular, materiak with high 
strength, high stifhe;ss, low density and elevated oper- 
a&g tem~ratures have beta sought. More recently, 
scientists and entiers have recognized the advantage 
of appleg MMC ttchnology for other than structural 
applicarions. Ln such applications, physical, chemical, 
electrical, magnetic and other nonstructural properrim 
may be of importance. 

h the field of military ordnance, in addition to the 
importance of normal engineering structural propetiies 
of materials, we are conemed with high strain rate 
effects aad shock wave interactiolJs between cumposite 
components. The failure mecha&ms of composite mu- 
nitions wiI undoubtably be different than for those 
fabricated by homogeneous materi&+ A study of failure 
mechanisms in ballistic penctrators may yield inf~rxs~- 
tion useful in desigkg both more efficient pcnetrators 
and better armors to defeat the penctrators. 

Composite matefials used for aerospace applications 
have been, for the most part, low in quantity and high in 
cost. For conventional ordnance applications, the mate- 
rial cm is frequently of prime importance, and sitifi- 
cant improvem~t must be demonstrated to justifv even 
modest cust increases. As a rtsult, it is iqn3mt t0 
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develop intxptnsive fabrication tcchniqu~ for compos- 
ite material ordnan, The most foible of these would 
be simple mo&cations of existing casring, powder 
metaUurgy, extrusion, etc. tectiqus currently used for 55 
fabrkaring homogeneous metals. 

AccordingI>*, an object of this invention is to increase 
the offensive capability of existing weapons systems on 60 
light armored vehicles 

Another objst of this invention is to provide projec- 
tiles having increased arrnur penetratiig power. 

A further object of this invention is to provide efkc- 
tive, low cost armor penetrating rounds. 65 

Still another obJect of this invention is to provide an 
economi& process for manufacturing improved armor 
penetrating rounds. 

2 
These and other objects of tk invention are accom- 

plished by providing aa armor penetrating projectile 
comprising: 

A. a metal matrix comprising a material selected from 
the goup consisting of stee! alloys and iron wherein the 
matrix material has a Rockwell C hardness of from 
about 4Q to about 60 and a density from a’bour 99.5 to 
loo pxcent; and 

B heavy metal wires reinforcing the metal matrix 
wherein the ties are made of a heavy metal selected 
from the goup consisting of tungsten, alloys of tune- 
stm, molybdenum, alloys of moiybdenllm, tant&, 
and alloys of ta&um, and wherein the volume per- 
centage of the heavy meti ties in the projectile is 
from about 25 to about 45 with the matrix material 
constituting the remainder. 

A more complete understanding of the invention and 
a fuUer appreciation of the many anendant advantages 
thermf will be derived bv reference to the fokkng 
detailed description wheh considered in connection 
with the accompanying draw& wherein: 

FE. 1 is a longitudind! view of the microstructure ( 
100X) of a typical composite. 

FIG. 2 is a traverse View of the microstructure ( 
1mX) of that Same composite; 

RG. 3 is a hardness profile of a typical armor pene- 
trating projectie according to thk i;nvention, 

FIGS. 4, 5, and 6 illustrate the use of a collimator to 
position the heavy metal wing and are discussed in 
detail in the dekled dtscripdon of the preferred em- 
bodiment. 

IXTAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

The armor penetrating projectiles of the present in- 
vention comprise an iron or steel matrix which is rein- 
forced with havy metal wir6 uf rock The particular 
composition of the steel used is not critical to the armor 
penetrating abUy of the projectile. The critical factor 
is the hardness of the matrix material. The matti mate- 
rial should have a Rockwell C hardness &) of from 
about 40 to about 60, and preferably from 50 to 55. If the 
matrix material has a &much above 60, the projectile 
wi13 be brittle and will shatter upon impact. If it has an 
I& much below 40, the projectile w-U spa& resulting in 
poor penetration of the mar. 

The wires or rods are made of tungsten, molybde- 
num, tantalum, or alloys of tungsten, molybdenum, or 
tantalum which contain less than 10 percent by wei@ 
of other elements. (In other words, the tungsten, molyb- 
denum, or tantalum alloy contains at least 90 weight 
percent of Iurrgten, molybdenum, or tantalum respec- 
tively.) More preferred tie tungsten and its alloys with 
tungsten being the most preferred. The wires (or rods) 
may be of any shape, but cylindrical wires are preferred 
because they result in better stress properties in the 
projectile. The diameter of LLhe wires k nut critical, 
Wires ranging from 15 miIs to 125 mils have been found 
to work well. and it is expected that W&S of larger and 
of smaller diameters wiI1 ako produce projectiles hav- 
ing good armor penetration abikes. 
’ Tk’voIume percent of u-lfe in the projecrile should 

be from about 25 to about GS and preferabiy from 30 to 
443. The wires may be distributed in the matrix in any 
mmer, but preferably the), run parallel to each other 
alone the lon_mrudinal direcrlon of the projectile. It is 
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transverse view of the same composite. 
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I I 

also preferable that the wires be unifomAy dktributti 
so that the bflrlistic chafacteristics of the prujtdle are 
good and are predictable from rolrad to round. 

FE 1 represents an enlarged ( 100X) Iongitudinal 
view of a typical composite: 99.4% density, 4660 steel 5 
matrix, I&=60, 30 vuluxne percent of 15 mil tungsten 
alloy (98% W-2% Thh) wire. FIG. 2 repreSents a 

The first step ia manufachuing the penetrator is to 
arrange the wires and fllx them in place. A preferred 
method is to use a wire coLhmator as shown in FIGS. 4, 
5, and 6. FIG. 4 shows the cotlimator in tie dosed 
position. Rings 16 and 18 have coarse screeniag welded 
to them. (Fine screening is wed when a claser packing 
is desired). Tlx reinforcing I~eaky metal wires 10 are fed 
through the sawing of both rings and are thus held in 
place. The wires 30 are titi together at their ends 22. 

FIG. 5 show the collimator in its expanded or open 
position. Rings 16 and 18 arc pushed apart and held ir! 
that position by expansion rods 24 which are fastened to 
the rings 16 and X8 by hexagonal nuts 20. In the region 
26 btrwem rings 16 and I8 the wires 10 are essentially 
parallel. FIG. 6 shows a front view of a ring 16 with 
hexagonal nuts 20 and the screening material 2R 

The mnd step is to press the composite. The calli- 
mator and wire are put into a nrbbcr mold and the 
spaces ia and around the wires are f~Ued with steel or 
iron powder. It is preferable to use a very fiad powder 
(- 500 mwh) so that a dense packing is a&eve& How- 
ever, coarser powder (e.g:, + 85 to -325) can also be 
used. The shape of the powder pticles is also impor- 
tant to the pactig density. tit preferred are spheri- 
Cal par&la. Flat particle, such as elongated flags, are 
preferred btcallse they pack better. AM parricla of 
varying size pack better than those of uniform size. 

The mold is seaf& and placed into a ptsurc vessel 
and subject& to a hydrostatic pressure which excc& 
the yield strength of the iron or steeL Some plastic flow 
of the iron or steel and some lo4 deformation of the 
particle occurs. An object is to stra the particles. In 
general, a hydrostatic prtssufe.of 120,ooO psi is suitable 
fur iron and most steels. 

The resulting composite is then separated from the 
pressure vessel, mold, and colIimator. 

In the third step, the pressed powder-tie comoosite 
is sintered in a prote&vc atmosphere of hydrogen (a 
reducing gas) or an inen gas (e.g., argon, Helium). The 
gas mmt be free of reactive materials (t.g*, H20) which 
would contaminate the composite. The iron or steel 
particles art siatercd for a few hours at a temperature 
which is preferably as close to the melting point as is 
possible without melting occurring. In example 1, 46W 
std panicles (-80s +- 325 mesh) were sintered at 
I 150’ C. for two hours in a dry hydrogen atmosphere. 

After sintering the composite is hot deformed to o’b- 
tain fuHy dense, uniform, cylindrical rods. Any hot 
working process (swaging, extrusion, etc.) may be used. 

Tht foal step is to harden the projectile to the desired 
value. This can be done by austetig, followed by 
water quenching, and then cold working at an elevated 
temperature (e.g., a’wut 400. C.), In the example, a 
tungsten wire-460Q steei matrix composite was ausfe- 
uized as 855’ C.. water quenched. and then aged at a’ 
C. for 1 hour to achieve a Rockwell C ‘narciness of 43. 
Other conventional procedurti may be used to achieve 
the desired hardness. The critical factor is the hardness 
of the projectile (from about 40 CO about M) &, and 
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4 
more preferably from 50 10 55 I&) and not the method 
by w&h it is achkved. 

The SlXmor penetrating projectile is then made (e.g., 
machined) from the composite rod. 

The general nature of the invention having been set 
fond, the following examples arc presented as a specific 
tiustration thermf. Tt will k understood that the inven- 
tion is not limited to thm specific examples but is SD 
ccptible TV various modifications that will be recognized 
by one of ordinary skill in the a~. 

IZAMPLE I 
The rcinfmcing were made of a fungsten alloy (98 w-t 

% tungsten +2 wt % The) and were 15 mil in diamc- 
ter. TIE wire3 Were c0l’Iimatcd to achieve relatively 
unifcmn distibution with the wires nmningpardeh 
each other. The cowtur aad wire were placed in a 
Nbber mold and 4&H steel powder (- 80+ + 325 mwh) 
premix& tith graphite (in order to obtain 0,6 weight 
perCent Of carbon in the matrix, i.e., 4660 steel) was 
poured inta the maid to fill the space between and 
around the wires. 

The mold was sealed, placed in a pressure v-1, and 
subjected to a hydrosatic pr~urc of 120,ooO psi. After 
the prtsstition, the composite was removed from the 
Gold, separated from the collimator and sintered under 
a protective atmosphere of hydrogen for 2 hours at 
1150’ CL The hydrostatic compaction and sintetig 
prw result4 in K&85% dens&&on of the com- 
posite. After sinteiing the material was bat deformed by 
swaging to obtain fully dense, uniform, cylindrical rods. 
As the result of hot deformation only a smaIl redistribu- 
tion of the W-wires 6ccurrcd. The center tD center 
distance betwen the wires was rtiuced, while the tie 
configuration remained essentially unchanged. T’ht hot 
deformed r& were austtied at 855’ C. and water 
quenched. After quenching the rods were drawn at 4W 
C. for 1 hr. in order to reach a required hardness level 
of I&4&45. The final composite was 30 volume percent 
af -@en-Z% The;! wirpc and 70 volume percent of 
steel matrix. 

The addition of 0.6 weight percent graphite to the 
m steel restits in a matrix of 4660 stA. In other tests 
4660 powdered st& was wd without graphite to pro- 
duce the same 4660 steel matrix. The carbon content is 
not critical; 4660 steel was selected because it is inex- 
pensive and commercially avtiable. Moreover, the 
carbon content wa$ held cons-t at 0.60 weight pcr- 
cent (4660 steel) SQ that is would not be a factor in the 
teSt comparisons. 

EXAMPLE 2 

- Rounds were prepared according IO the procedure of 
Example 1 except that the 4660 steel matrix was harden 
to R,=60. The armor penetrating propenies of these 
rounds were comparti with that of 
(1) conventional APM-2 rounds, 
(2) unreinforced QCKX) steel &= 601 rounds. and 
(3) rounds using 30 vohme percent of the tungsten 

wins but aluminum 2s the matri. T-he resuks ue 
presented in Table 1. The performance of the tung- 
sten wire relnfurced steel rounds was sup&or to all 
the others. 
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What is ckm~ as new and d&red 
LRtters Patent of tie United States is; 

to be secured by 

1. An armor penetrating projectile c0mpnsmg: 
A. a meti matrix comprising a material sekte-d from 

the group consisting of steel allovs and iron 
wherein the matrix material has a -Rockwell C 
hardness of from abOut 40 to about 60 and a density 
from about 99.5 to 100 percent of tie theoretical 
density of the matrix material; and 

B. heavy metal wires reinforcing the metal matrix 
wherein tie wires are made of a heavy metal se- 
lected from the soup consisting of nlllgsten, alloys 
of tungsten, molybdenum, alloys of molybdenum, 
tantalum, and alloys of tantalum, wherein the al- 
lovs contain at least 90 weight percent of the btavv 
m&l, wherein the volume percentage of the h& 
metal wire in the projcrriie is from a’mut 25 to 
abut 45 with f&e matrix material constituting the 
retider; u%erein thc-ires are cylindtical hav- 
ing a diameter of from IS to 125 mils, wherein the 
wires nm parallel to each other along the 1ongirudL 
ml axis of the proj=tile for the Icngth of the pro- 
jectile tithout touching each other, and wherein 
tie wires art unibmly distributed in the projecttie 
to provide go& b&tic cfiaracteristics. 

2. The projecsiie of claim 1 wherein the hardness of 
the matrix mated is from 50 to 55, Rockwell C. 

3. The project& of claim I wherein the metal ties 
sic made of it mate&l selected from the group consist- 
ing of tungsten and alloys of tungsten. 

4. The proje&.k of claim 3 wherein the metal matAx 
materid is a stel alloy. 

5. Tbt projectile of clti 2 whtreia the metal utires 
arc made of a material selected from the soup consist- 
ing of tungsten and alloys of rungsten. 

6. The projectile of clti 5 whereb the merdl matrix 
material is a steel alloy. 

7. Tbc projectile of claim I, 2,3,4,5, ur 6 wherein the 
volume percent of metal wire is from 30 to 40. 
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2865 12.7 
2886 12.9 
2969 12.9 

294t 
2833 
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13.7 
13.6 
11.2 

11.7 

1 

2w 1 

2879 128 1.5 

2867 12.7 1.5 

2960 12s 1.5 

2925 fz.5 1.5 

2824 13-7 1.5 

Obviously, numerous modfications and variations of 35 
the present invention are possible in light of the above 
teaching;s. It is therefore to be understood that within 
the scope of the appended cGns, the invention may be 
practiced othetwise than as specifxally described 
herein. 40 
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